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electrodes by 132 and 142; insulating layers by 133 and 143; almost all of electrons drawn out from the emitter are 

emitters by 135 and 145; anodes by 136 and 146; the shapes gradually bent by radial potential produced by the lateral 

of electron beams with which the anodes are irradiated by electric field so that the electrons fly toward the gate. A part 

137 and 147. of the electrons impinging on the gate ejects again in a 

In the case of the Spindt type described above with 5 scattering manner. After ejection, however, the electrons 

reference to FIG. 13, when Vf is applied between the emitter repeat scattering while spreading out along the gate by 

135 and the gate 134, the strength of tbe electric field at the forming elliptical trajectories again and again and while 

extreme end of the projection of the emitte/fl35 is increased being reduced in number when ejecting until they are caught 

and electrons are thereby taken out of ^conical emitter Vy ^ vertical electric field. Only after the scattered elec- 

portion about the extreme end into the vacuum. 10 1110113 have exceeded an equipotential line formed by the gate 

The electric field at the extreme end of the emitter is "ISS^J^ *** 

formed based on the shape of the extreme end of the emitter ™Z * P ?^*V T*? , , - 

to have a certain finite area on the same, so that electrons are fl ^ Ute ^ fi f d ***** vertical electric 

perpendicularly drawn out from the finite emitter extreme ^^^S^p^Lm Sn«lt!!! 

end area according to the potential. 15 *? ***** ^ [ec ^ c fi . eld on electrons drawn out 

v. awwiuiue i« puuaiuu. is reduced, although the trajectories of the electrons are bent 

Simultaneously, other electrons are emitted at various by the radial potential. In this case, therefore, electron 

angles. Electrons emitted at larger angles are necessarily trajectories appear along which electrons travel to be caught 

drawn toward the gate. by me vertical electric field without impinging on the gate. 

As a result, if the gate is formed so as to have a circular t t ^ ^ found mat if ^ electron emission position at 

opening, the distribution of electrons on the anode 136 20 wn i c h electrons are emitted from the emitter is shifted from 

shown in FIG. 13 forms a substantially circular beam shape the gate plane toward the anode plane (see FIG. 6), emitted 

137. That is, the shape of the beam obtained is closely electrons can form trajectories such as to be caught by the 

related to the shape of the drawing gate and to the distance veraca ] electric field with substantially no possibility of 

between the gate and the emitter. impinging on the gate when the lateral electric field and the 

In the case of the lateral FE electron source (FIG. 14) in 25 vertical electric field are approximately equal in strength, 

which electrons are drawn out generally along one direction, that is, the ratio of the strength of the lateral electric field to 

an extremely strong electric field substantially parallel to the that of the vertical electric field is approximately 1 to 1 . 

surface of the substrate 141 (lateral electric field) is pro- Also, a study made of the electric field ratio has shown 

duced [between the emitter 145 and the gate 144, so that part that if the distance between the gate electrode 144 and the 

149 of electrons emitted from the emitter 145 are drawn into 30 cxurae ra d of me eirutter electrode 145 is d: me potential 

the vacuum above the gate 144 while the other electrons are difference (between the gate electrode and the emitter 

taken into the gate electrode 144. electrode) when the device is driven is VI; the distance 

In the arrangement shown m FIG. 14, electric field vectors between the anode and the substrate (element) is H; and the 

toward the anode 146 differ in direction from those causing potential difference between the anode and the cathode 

emission of electrons (the electric field from the emitter 145 35 (emitter electrode) is V2, a trajectory along which electrons 

toward the gate 144). Therefore the distribution of electrons drawn out impinge on the gate is formed when the lateral 

(beam spot) formed by emitted electrons on the anode 146 electric field El=Vl/d is 50 times or more stronger than the 

is increased. vertical electric field E2=V2/H. 

The electric field of electrons drawn out from the emitter The inventor of the present invention has also found that 
electrode 14S (referred to as "lateral electric field" in the a height s (defined as the distance between a plane contain- 
following description for convenience sake while the elec- ing a portion of a gate electrode 2 surface and substantially 
trie field strengthening effect of the emitter configuration is parallel to a substrate 1 surface and a plane containing an 
ignored) and the electric field toward the anode (referred to electron-emitting member 4 surface and substantially par- 
as "vertical eleclric field" in the following description) will allel to the substrate 1 surface (see FIG. 6)) can be deter- 
further be described. mined such that substantially no scattering occurs on the 

The "lateral electric field" can also be expressed as gate electrode 2. The height s depends on the ratio of the 

"electric field in a direction substantially parallel to the vertical electric field and the lateral electric field (vertical 

surface of substrate 131 (141)" in the arrangement shown in electric field strength/lateral electric field strength). As the 

FIG. 13 or 14. It can also be expressed as "electric field in 5Q vertical-lateral electric field ratio is lower, the height s is 

the direction of opposition of gate 144 and emitter 145" with lower. AS the lateral electric field is stronger, the necessary 

respect to the arrangement shown in FIG. 14 m particular. height s is higher. 

Also, the 'Vertical electric field" can also be expressed as The height set in a practical manufacturing process ranges 

"electric field in a direction substantially perpendicular to from 10 nm to 10 um. 

the surface of substrate 131 (141)" in the arrangement 35 In the conventional arrangement shown in FIG. 14, the 

shown in FIG. 13 or 14, or as "electric field m the direction gate 144 and the emitter (142, 145) are formed flush with 

in which the substrate 131 (141) is opposed to the anode 136 each other along a common plane and the lateral electric 

field is stronger than the vertical electric field by an order of 

In the arrangement shown in FIG. 14, as described above, magnitude, so thai there is a considerable tendency to 

electrons emitted from the emitter are first drawn out by the ^ reduce, by impingement on the gate, the amount of electrons 

lateral electric field, fly toward the gate, and are then moved drawn out into the vacuum. 

upward by the vertical electric field to reach the anode. Further, in the conventional arrangement, the structure of 

Important factors of this effect are the ratio of the the device is determined so as to increase me strength of the 

strengths of the lateral and vertical electric fields and the electric field in the lateral direction, so that the electron 

relative position of the electron emission point 65 distribution on the anode 146 spreads widely. 

When the lateral electric field is stronger than the vertical As described above, to restrict the distribution of elec- 

electric field by an order of magnitude, the trajectories of trons reaching the anode 146, it is necessary (1) to reduce the 
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growth in chemical vapor deposition (CVD). In the case of direction of the fiber). In other words, graphite ijanofiber is 
RJE, the control of the emitter shape depends on the kind of a fibrous substance in which a plurality of graphenes are 
the substrate used, the kind of gas, the gas pressure (flow arranged and layered (laminated) so as not to be parallel to 
rate), the etching time, the energy for forming plasma, etc. the fiber axis, as shown in FIG. 12. 
In a CVD forming process, the emitter shape is controlled by 5 On the other hand, a carbon nanotube is a fibrous sub- 
selecting the kind of the substrate, the kind of gas, the flow stance in which graphenes are arranged (in cylindrical 
rate, the growth temperature, etc. shape) around the longitudinal direction (fiber axis 
Examples of the material used to form the emitter direction). In other words, it is a fibrous substance in which 
(electron-emitting member) 4 are carbides, such as HC, graphenes are arranged substantially parallel to the fiber 
ZrC, HfC, TaC, SiC, and WC, amorphous carbon, graphite, 1° axis. 

diamondlike carbon, carbon containing dispersed diamond, One layer of graphite is called "graphene" or "graphene 

+*. and carbon compounds. sheet". More specifically, graphite is formed in such a 

1YJ\/Slfl( »DV> r> According to the presen r^^ention^ fibTous carbon is manner that carbon planes on which carbon atoms are 

particularly preferably used as trie material of the emitter arrayed so as to form regular hexagons close to each other 

(electron-emitting member) 4. "Fibrous carbon" referred to 15 by covalent bond in sp a hybridization are laid one on another 

in the description of the present invention can also be while being spaced by a distance of 3.354 A. Each carbon 

expressed as "material in columnar form containing carbon plane is called "graphene" or "graphene sheet", 

as a main constituent** or "material in filament form con- Each type of fibrous carbon has an electron emission 

taming carbon as a main constituent". Further, "fibrous threshold value of about 1 to 10 V/um and is therefore 

carbon" can also be expressed as "fibers containing carbon 20 preferred as the material of the emitter (electron-emitting 

as a main constituent**. More specifically, "fibrous carbon" member) 4 in accordance with the present invention, 

in accordance with the present invention comprises carbon j n particular, electron-emitting devices using graphite 

nanotubes, graphite nanofibers, and amorphous carbon nanofibers, not limited to the device structure of the present 

fibers. In particular, graphite nanofibers are most preferred invention shown in FIG. 1, etc., are capable of causing 

as electron-emitting member 4. emission of electrons in a low electric field to obtain a large 

The gap between the extraction electrode 2 and the emission current, and can be readily manufactured to obtain 
cathode 3 and the drive voltage (the voltage applied between as an electron-emitting device having stable electron- 
the extraction electrode 2 and the cathode 3) may be emitting characteristics. For example, such an electron- 
determined so that the value of the lateral electric field ^ emitting element can be obtained by forming graphite 
necessary for emission of electrons from the cathode mate- nanofibers as an emitter and by providing an electrode for 
rial used is 1 to 50 times larger than that of the vertical controlling emission of electrons from the emitter. Further, 
electric field necessary for forming an image, as described if a light emitting member capable of emitting light when 
above. irradiated with electrons emitted from graphite nanofibers is 

In a case where a light-emitting member such as a 35 used, a light emitting device such as a lamp can be formed, 

phosphor is provided on the anode, the necessary vertical FurtheT, an image display apparatus may be constructed by 

electric field is, preferably, within the HT 1 to 10 V/um forming an array of a plurality of the above-described 

range. For example, in a case where the gap between the electron-emitting devices and by preparing an anode having 

anode and the cathode is 2 nun and 1 0 kV is applied between a light emitting material such as a phosphor. In the electron- 

the anode and the cathode, the vertical electric field is 5 4& emitting device, the light emitting device or the image 

V/um. In this case, the emitter material (electron-emitting display apparatus using above-described graphite 

member) 4 to be used has an electron-emitting electric field nanofibers, stable emission of electrons can be achieved 

value of 5 V/um or higher. The gap and the drive voltage without maintaining inside the device or the apparatus an 

may be determined in correspondence with the selected ultrahigh vacuum such as that required in conventional 

electron-emitting electric field value. 4$ electron-emitting devices. Moreover, since electrons are 

An example of a material having an electric field thresh- emitted by a low electric field, the device or apparatus can 

v old of several V/um is fibrous carbon. Each of FIGS. 11 and be easily manufactured with improved reliability. 

12 shows an example of the configuration of fibrous carbon. The above-described fibrous carbon can be formed by 

In each of FIGS. 11 and 12, the configuration is schemati- decomposing a hydrocarbon gas by using a catalyst (a 

cally shown at the optical microscope level (to 1,000 times) 50 material for accelerating deposition of carbon). The pro- 

in the left-hand section, at the scanning electron microscope cesses for forming carbon nanotubes and graphite nanofibers 

level (to 30,000 times) in the middle section, and at the differ in the kind of catalyst and decomposition temperature, 

transmission electron microscope level (to 1 ,000,000 times) The catalytic material may be a material which is used as 

in the right-hand section. a seed for forming fibrous carbon, and which is selected 

A graphene structure formed into a cylinder such as that 55 from Fe, Co, Pd, No, and alloys of some of these materials, 

shown in FIG. 11 is called a carbon nanotube (a multilayer In particular, if Pd or Ni is used, graphite nanofibers can 

cylindrical graphene structure is called a multiwall be formed at a low temperature (not lower than 400° C). 

nanotube). Its threshold value is rmnimized when the tube The necessary carbon nanotube forming temperature in the 

end is opened. case of using Fe or Co is 800° C. or higher. Also, the process 

The fibrous carbon shown in FIG. 1 2 may be produced at 60 of producing a graphite nanofiber material by using Pd or Ni, 

a comparatively low temperature. Fibrous carbon having which can be performed at a lower temperature, is preferred 

such a configuration is composed of a graphene layered from the viewpoint of reducing the influence on other 

body (thus, it may be referred to as "graphite nanofiber", and components and limiting the manufacturing cost, 

has an amorphous structure whose ratio is increased with Further, the characteristic of Pd that resides in enabling 

temperature). More specifically, "graphite nanofiber" desig- 65 oxides to be reduced by hydrogen at a low temperature 

nates a fibrous substance in which graphenes are layered (room temperature) may be utilized. That is, palladium 

(laminated) in the longitudinal direction thereof (in the axis oxide may be used as a seed forming material. 
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The envelop 97, as described above, is constituted by the 
face plate 96, the supporting frame 92, and the rear plate 91 . 
The rear plate 91 is provided mainly for the purpose of 
reinforcing the substrate 81. If the substrate 81 itself has 
sufficiently high strength, there is no need to separately 
provide the rear plate 91. That is, the supporting frame 92 
may be directly seal-bonded to the substrate 81 and the 
envelop 97 may be formed by the frame plate 96, the 
supporting frame 92 and the substrate 81. A supporting 
member (not shown) called a spacer may be provided 
between the face plate 96 and the rear plate 91 to enable the 
envelop 97 to have a sufficiently high strength for resisting 
atmospheric pressure. 

Embodiments of the present invention will be described 
below in detail. 

(Embodiment 1) 15 
FIG. 1A shows a top view of an electron-emitting device 

fabricated in this embodiment FIG. IB is a cross-sectional 

view taken along the line IB — IB of FIG. 1A. 
FIGS. 1A and IB illustrate an insulating substrate 1, an 

extraction electrode 2 (gate), a cathode 3, and an emitter 20 

material 4. 

The process of fabricating the electron-emitting device of 
this embodiment will be described in detail. 
(Step 1) 

A quartz substrate was used as substrate 1. After sum- 25 
cientiy cleansing the substrate, aSnm thick 71 film (not 
shown) and a 30 run thick pory~Si film (arsenic doped) were 
successively deposited by sputtering on the substrate as gate 
electrode 2 and cathode 3. 

Next, a resist pattern was formed by photolithography 30 
using a positive photoresist (AZ1500/ from Clariant 
Corporation). 

Thereafter, dry etching was performed on the poly-Si 
(arsenic doped) layer and 71 layer with the patterned pho- 
toresist used as a mask, CF 4 gas being used to etch the Ti 35 
layer. An extraction electrode 2 and a cathode 3 having a gap 
of 5 |im therebetween were thereby formed (FIG. SA). 
(Step 2) 

Next, a Cr having a thickness of about 100 nm was 
deposited on the entire substrate by electron beam (EB) 40 
evaporation. 

A resist pattern was formed by photolithography using a 
positive photoresist (AZ150G7 from Clariant Corporation). 

An opening corresponding to a region (100 urn square) 
where electron-emitting material 4 was to be provided was 45 
formed on the cathode 3 with the patterned photoresist used 
as a mask. Cr at the opening was removed by using a cerium 
nitrate etching solution. 

After removing the resist, a complex solution prepared by 
adding isopropyt alcohol, etc., to a Pd complex was applied 50 
to the entire substrate by spin coating. 

After application of the solution, a heat treatment was 
performed in atmospheric air at 300° C. to form a palladium 
oxide layer 51 having a thickness of about 10 nm. 
Thereafter, Cr was removed by using a cerium nitrate 55 
etching solution (FIG. SB). 
(Step 3) 

The substrate was baked at 200° C, atmospheric air was 
evacuated, and a heat treatment was then performed in 2% 
hydrogen flow diluted with nitrogen. At this stage, particles 60 
52 having a diameter of about 3 to 10 nm were formed on 
the surface of the cathode 3. The density of the particles at 
this stage was estimated at about to" to 10' 2 particles/cm 2 
(FIG. 5C). 

(Step 4) 65 

Subsequently, a beat treatment was performed in a 0.1% 
ethylene flow diluted with nitrogen at 500° C. for 10 



Applicant Proof Copy 
14 

minutes. The state after the heat treatment was observed 
with a scanning electron microsco pe to .find that a multi- 
plicity of fibrous carbon 4 having a( adiameter>p f about 10 to 
25 nm and extending like fibers while curving or bending 
had been formed in the Pd-coated region. The thickness of 
the fibrous carbon layer was about 500 nm (FIG. 5D). 

This electron-emitting device was set in the vacuum 
apparatus 60 shown in FIG. 6. A sufficiently high vacuum of 
about 2x1 0 -5 Pa was produced by the evacuating pump 62. 
Voltage Va=I 0 kV was applied as anode voltage to the anode 
61 distanced by H=2 mm from the device, as shown in FIG. 
6. Also, a pulse voltage of Vf=20 V was applied as drive 
voltage to the device. Device current If and electron emis- 
sion current le thereby caused were measured. 

The If and Ie characteristics of the electron-emitting 
device were as shown in FIG. 7. That is, Ie rises abruptly at 
a voltage about half the applied voltage, and a current of 
about 1 uA was measured as electron emission current Ie at 
a Vf value of 15 V. On the other hand, the If characteristic 
was similar to the Ie characteristic but the value of If was 
smaller than that of Ie by an order of magnitude or more. 

The obtained beam had a generally rectangular shape 
having a longer side along the Y-direction and a shorter side 
in the X-direction. The beam width was measured with 
respect to different gaps of 1 urn and 5 urn between the 
electrodes 2 and 3 while Vf was fixed at 15 V and the 
distance H to the anode was fixed at 2 mm. Table 1 shows 
the results of this measurement. 



TABLE 1 




Va = 5 kV 


Va=*l0kV 


Gap: 1 tun 


60 jim in x-directicA 


30 pm in x-dtrectioa 




170 jim in y-direction 


1 50 pro in y-direction 


Gap: 5 jira 


93 pn in x-dhectian 


72 pm in x-direction 




170 pm m y-direcoon 


150 pm in y-dnrctxon 



It was possible to change the necessary electric field for 
driving by changing the fibrous carbon growth conditions. In 
particular, the average particle size of Pd particles formed by 
reduction of palladium oxide is related to the diameter of 
fibrous carbon thereafter grown. It was possible to control 
the average Pd particle size through the Pd density in the Pd 
complex coating and the rotational speed of spin coating. 

The fibrous carbon of this electron-emitting device was 
observed with the transmission electron microscope to rec- 
ognize a structure in which graphenes are layered in the fiber 
axis direction, as shown in the right-hand section of FIG. 12. 
The graphene stacking intervals (in the Z-axis direction) 
resulting from heating at a lower temperature, about 500° C. 
were indefinite and was 0.4 nm. As the heating temperature 
was increased, the grating intervals became definite. The 
intervals resulting from heating at 700° C. were 0.34 nm, 
which is close to 0.335 nm in graphite. 
(Embodiment 2) 

FIG. 2 shows a second embodiment of the present inven- 
tion. 

In this embodiment, an electron -emitting device was 
fabricated in the same manner as that in the first embodiment 
except that the cathode 3 corresponding to that in the first 
embodiment had a thickness of 500 nm and fibrous carbon 
provided as electron-emitting material 4 had a thickness of 
100 nm Currents If and Ie in the fabricated electron- 
emitting device were measured. 

In this device arrangement, the electron emission point 
was positively heightened (toward the anode) relative to the 
gate electrode by increasing the thickness of the cathode 3. 
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Trajectories along which electrons impinge on the gate were 
thereby reduced, thereby preventing a reduction in efficiency 
and occurrence of a beam-thickening phenomenon. 

Also in this device arrangement, the electron emission 
currtntfwSfcl Vf=20V was about 1 uA. On the other hand, 
the If craracteristic was similar to the Ie characteristic but 
the value of If was smaller than that of Ie by two orders of 
magnitude. 

The results of measurement of the beam diameter in this 
embodiment were substantially the same as those shown in 
Table 1. 
(Embodiment 3) 

FIG. 3 shows a third embodiment of the present invention. 

In this embodiment, in the step corresponding to step 2 in 
the first embodiment, palladium oxide 51 was provided on 15 
the cathode 3 and in the gap between the electrodes 2 and 3. 
Pd oxide was provided io the gap in such a manner as to 
extend from the cathode 3 to a point near the midpoint of the 
gap. Excepting step 2, this embodiment is the same as the 
first embodiment. 

The electric field in the electron-emitting device of this 
embodiment was twice as strong as that in the first embodi- 
ment because the gap was reduced, thereby enabling the 
drive voltage to be reduced to about 8 V. 
(Embodiment 4) 

FIG. 4 shows a fourth embodiment of the present inven- 
tion. In this embodiment step 1 and step 2 described above 
with respect to the first embodiment are changed as 
described below. 
(Step 1) 

A quartz substrate was used as substrate 1. After suffi- 
ciently cleansing the substrate, a 5 ran thick Ti film and a 30 
nm thick poty-Si film (arsenic doped) were successively 
deposited by sputtering on the substrate as cathode 3 
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intermediate portion. Thus, the arrangement in this embodi- 
ment .has the effect of preventing a reduction in efficiency 
due to impingement of electrons on the gate electrode and 
occurrence of a beam-thickening phenomenon. 
(Embodiment 5) 

An electron source obtained by arranging a plurality of 
the electron-emittiDg devices fabricated the first embodi- 
ment and an image forming apparatus using mis electron 
source will be described with reference to FIGS. 8, 9, and 
1 0. In FIG. 8 are illustrated an electron source substrate 81, 
X-direction wiring 82, Y-direction wiring 83, electron- 
emitting devices 84 in accordance with the present 
invention, and connecting conductors 85. 

The election source with matrix wiring shown in FIG. 8, 
in which the device capacitance is increased by arranging a 
plurality of electron-emitting devices, has a problem that, 
even when a short pulse produced by pulse-width modula- 
tion is applied, the waveform is dulled or distorted by 
capacitive components to cause failure to obtain the neces- 
20 sary grayscale level, for example. In this embodiment, 
therefore, a structure is adopted in which an interlayer 
insulating layer is provided by the side of the electron- 
emitting region to limit the increase in capacitive compo- 
nents in regions other than the electron-emitting region. 
25 Referring to FIG. 8, X-direction wiring 82 has m con- 
ductors DX1, DX2, . . . DXm, which has a thickness of about 
1 urn and a width of 300 urn, and which is formed of an 
aluminum wiring material by evaporation. The materia), film 
thickness, and width of the wiring conductors are selected 
30 according to a suitable design. Y-direction wiring 83 has n 
conductors DY1, DY2, . . . DYn, which has a thickness of 
5 um and width of 100 urn, and which is formed in the same 
manner as X-direction wiring 82. An interlayer Insulating 
layer (not shown) is provided between the m conductors of 



Next, a resist pattern was formed by photolithography 35 X-direction wiring 82 and the n conductors of Y-direction 



using a positive photoresist (AZ1500/ from Clariant 
Corporation). 

Next, dry etching was performed on the poly-Si layer and 
Ti layer by using CF 4 gas, with the patterned photoresist 
used as a mask. Cathode 3 was thereby formed 

The quartz substrate was then etched to a depth of about 
500 nm by using a mixed acid formed of hydrofluoric acid 
and ammonium fluoride. 

Subsequently, a 5 nm thick Ti film and a 30 nm thick Pt 



wiring 83 to electrically separate these conductors (each of 
m and n is a positive integer). 

Hie interlayer insulating layer (not shown) is, for 
example, a Si0 2 layer formed by sputtering or the like and 
40 having a thickness of about 0.8 um. For example, the 
interlayer insulating film is formed in the desired shape over 
the whole or part of the surface of the substrate 8) on which 
X-direction wiring 82 has been formed. Specifically, the 
thickness of the interlayer insulating film is determined so as 



film were successively deposited on the substrate as gate 45 to ensure withstanding against the potential difference at the 



electrode 2 by again performing sputtering. After removing 
the photoresist from the cathode, a resist pattern was again 
formed by using a positive photoresist (AZ1500/ from 
Clariant Corporation) to form the gate electrode. 

Next, dry etching was performed on the Pt layer and Ti 50 
layer by using Ar, with the patterned photoresist used as a 
mask. Electrode 2 was thereby formed so that the step 
formed between the electrodes functions as a gap. 

Next, a resist pattern was formed on the cathode, a Ni film 
having a thickness of about 5 nm was formed by resistance 55 
heating evaporation having a good straight-in effect, and 
oxidation was thereafter performed at 350° C. for 30 min- 
utes. 

This step was followed by the same steps as those in the 
first embodiment 

The above-described device arrangement enabled forma- 
tion of a finer gap such that electrons were effectively 
emitted at a lower voltage of about 6 V. 

Because the height of the electron-emitting material 4 



intersections of the conductors of X-direction wiring 82 and 
Y-direction wiring 83. The conductors of X-direction wiring 
82 and Y-direction wiring 83 are respectively extended 
outward as external terminals. 

Pairs of electrodes (not shown) constituting electron- 
emitting devices 84 are electrically connected to the m 
conductors of X-direction wiring 82 and the n conductors of 
Y-direction wiring 83 by connecting conductors 85 made of 
a conductive metal or the like. 

A scanning signal application means (not shown) for 
applying scanning signals for selecting the rows of electron- 
emitting devices 84 arranged in the X-direction is connected 
to X-direction wiring 82. On the other hand, a modulation 
signal generation means for modulating voltages applied to 
60 the columns of electron-emitting devices 84 arranged in the 
Y-direction according to input signals is connected to 
Y-direction wiring 83. The drive voltage applied to each 
electron-emitting device is supplied as a voltage correspond- 



ing to the difference between the scanning signal and the 
(film thickness) was increased relative to that of the gate 63 modulation signal applied to the element. In the present 
electrode, electrons were drawn out not only from the upper invention, Y-direction wiring 83 is connected to the gate 
portion of the electron-emitting material 4 but also from an electrodes 2 of the electron-emitting devices described 
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21. An electron-emitting apparatus comprising: 

A) a first electrode and a second electrode disposed on a 
surface of a substrate; 

B) first voltage application means for applying to said 
second electrode a potential higher than a potential 5 
applied to said first electrode; 

C) a plurality of fibers disposed on said first electrode, 
said fibers containing carbon as a main constituent; 

D) a third electrode disposed so as to face said substrate, io 
electrons emitted from said fibers reaching said third 
electrode; and 

E) second voltage application means for applying to said 
third electrode a potential higher than each of the 
potentials applied to said first and second electrodes, 15 

wherein a surface region of said fibers is placed between 
a plane containing a surface of said second electrode 
and substantially parallel to the surface of said substrate 
and a plane containing a surface of said third electrode 
and substantially parallel to the surface of said sub- 20 
strate. 

22. An electron-emitting apparatus according to claim 21, 
wherein when the distance between said second electrode 
and said first electrode is d; the potential difference applied 
between said second electrode and said first electrode by 25 
said first voltage application means is VI; the' distance 
between said third electrode and said substrate is H; and the 
potential difference between the potential applied to said 
third electrode by said second voltage application means and 
the potential applied to said first electrode is V2, then an 30 
electric field El=Vl/d is within the range from 1 to 50 times 
an electric field E2=V2/H. 

23. An apparatus according to claim 21, wherein each of 
said fibers having carbon as a mam ingredient comprises a 
carbon nanotube. 35 

24. An apparatus according to claim 21, wherein each of 
said fibers containing carbon as a main ingredient comprises 
a plurality of graphenes stacked so as to be nonparallel to the 
axis direction of said fiber. 

25. An apparatus according to claim 21, wherein a mate- 40 
rial more effective in accelerating deposition of carbon than 
the material of said first electrode is provided between said 
fibers having carbon as a main ingredient and said cathode. 

26. An apparatus according to claim 25, wherein said 
material effective in accelerating deposition of carbon com- 45 
prises Pd, Ni, Fe, Co or an alloy formed of at least two of 
said metals. 

27. An apparatus according to claim 25, wherein said 
material effective in accelerating deposition of carbon is 
provided in the form of a plurality of particles on said first 50 
electrode. 
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28. An apparatus according to claim 27, wherein said 
plurality of particles are provided on said first electrode at a 
density of 10 !O particles/cm 2 or higher. 

29. An apparatus according to claim 21, wherein the 
thickness of said first electrode is larger than the thickness 
of said second electrode. 

3D. An apparatus according to any one of claims 21 to 29, 
wherein a plurality of said first electrodes and a plurality of 
said second electrodes are disposed on the surface of said 
substrate. 

31. An apparatus according to claim 30, wherein said 
plurality of first electrodes and said plurality of second 
electrodes are electrically connected to wiring in matrix 
form. 

32. An apparatus according to claim 30, wherein a phos- 
phor capable of emitting light when irradiated with electrons 
emitted from said fibers is provided on said third electrode. 

33. An image display apparatus using an electron-emtting 
apparatus according to claim 32. 

34. An electrxm-ermtting device co 

A) a first electrode and a second (|lecto 
surface of a substrate, a gap being! 
first and second electrodes; and 

B) a fiber provided on said first electrode, said fiber 
containing carbon as a main ingredient, 

wherein said second electrode comprises an electrode for 
controlling emission of electrodes from said fiber con- 
taining carbon as a main ingredient, and 
wherein said fiber containing carbon as a main ingredient 
comprises graphene. 

35. An electron-emitting device according to claim 34, 
wherein the distance between an extreme end of said fiber 
and the surface of said substrate is larger than the distance 
between the surface of said second electrode and the surface 
of said substrate. 

36. An electron-emitting device according to claim 34, 
wherein said graphene comprises cylindrical graphene. 

37. An electron-emitting device according to claim 34, 
wherein said electron-emitting device comprises a plurality 
of fibers containing carbon as a main ingredient. 

38. A light-emitting apparatus comprising an electron- 
emitting device according to any one of claims 34 to 37, and 
a hght-emitting member. 

39. An image display apparatus comprising a plurality of 
electron-emitting devices and a light emitting member 
capable of emitting light when irradiated with electrons 
emitted from some of said plurality of electron-emitting 
devices, wherein each of said plurality of electron-eirutting 
devices is constituted by an electron-emitting device accord- 
ing to any one of claims 34 to 37. 



